In this article, we discuss and contradict a recent publication by Russo et al., which suggests that the filtration of large amounts of albumin followed by transtubular transport of intact albumin is a physiological phenomenon.
Russo et al. 1 recently presented a study, suggesting the filtration of nephrotic range albumin in the normal glomerulus followed by proximal tubule transcytosis of intact albumin to retrieve the very large amount of filtered protein. The results are in sharp contrast to previous extensive experimental studies by autoradiography, 2 investigations on megalin/cubilin-mediated albumin reabsorption, 3, 4 and clearing studies in experimental animals and man. Thus, in patients with congenital Fanconi's syndrome, showing an inability to reabsorb proteins in the proximal tubules, the fractional glomerular clearance (sieving coefficient) of albumin (y alb B8 Â 10 À5 ), 5 is somewhat lower than the y alb found in intact rats with inhibited proximal tubular reabsorption (y alb ¼ 3.3 Â 10 À4 ), 6 or when using careful micropuncture or tissue uptake techniques (y alb B 6 Â 10
À4
). 7, 8 A similar fractional clearance of albumin was also found in the cooled (81C) isolated perfused kidney in which proximal tubular reabsorption was inhibited. 9 Thus, extensive evidence reveals a glomerular sieving coefficient for albumin well below 0.001, that is, less than 1 out of 1000 albumin molecules is normally transmitted across the glomerular filtration barrier as compared to the glomerular sieving coefficient of 0.04, reported by Russo et al.
1
If the postulated extensive filtration of albumin is a normal physiological phenomenon, it would radically change the way we look at heavy albuminuria and nephrotic syndrome from being a primary glomerular defect to a primary tubular defect. Thus, this is a key issue in relation to both renal physiology and to the understanding and treatment of renal disease. Since the major conclusions presented by Russo et al. are based on a new technique of quantitative, intravital two-photon microscopy, and in strong contrast to previous observations from micropuncture and other techniques, it is crucial to exclude critically methodological bias and errors.
In his commentary, Gekle 10 has addressed several important concerns, including the low signal observed with fluorescent albumin, which may lead to misinterpretations. The calculations by Gekle 10 show that this hypothetical albumin filtration and tubular uptake would correspond in a human kidney to a glomerular filtration of about 225 g albumin per 24 h, which should be compared to a total plasma albumin content of about 125 g, implicating that very large amounts of albumin (B200% of total plasma albumin) are transported intact across the proximal tubular epithelium. This proposed transcytosis of intact albumin in the proximal tubule cells by way of vesicular elements represents another key issue. The suggestion is based on low resolution, in vivo confocal observations, and an electron micrograph interpreted as the fusion of an albumin-containing, intracellular vesicle with the basolateral membrane. Unfortunately, the authors did not present any quantitative estimates of the frequency by which such fusing vesicular profiles were observed in proximal tubule cells. We have published several studies on the endocytosis of albumin and have never observed similar structures in optimally fixed kidney tissue. Furthermore, studies from our and other laboratories have systematically evaluated the effect of different fixation techniques on the ultrastructure of kidney tissue. This has established that fixation by in vivo perfusion is the optimal procedure and that other techniques, including immersion fixation, potentially lead to artifacts. Thus, it is possible that the observations by Russo et al. represent a fixation artifact.
For comparison, we include micrographs (Figure 1 ) from the basal part of rat proximal tubule cells fixed by vascular perfusion retrograde through the abdominal aorta, demonstrating lysosomes labeled for endogenous albumin and the lysosomal enzyme cathepsin B with no indications of exocytosis. Radioactively labeled homologous albumin microperfused into the proximal tubule is exclusively absorbed via the endocytic-lysosomal pathway, and never observed between the cells or in vesicles connected to the basolateral cell membrane neither at early time points (10 min after start of infusion) or at later time points (60 min after start of infusion (Figure 2) ).
Russo et al. suggest that the transcytosis of intact albumin may involve the previously established megalin-and cubilinmediated mechanisms for proximal tubule albumin reabsorption. To examine this, we have measured the urinary albumin excretion in megalin knockout mouse. These mice do not express megalin in the kidney proximal tubules, and in a previous study we were unable to demonstrate the tubular uptake of albumin in these mice by immunohistochemistry. 4 Therefore, any filtered albumin normally retrieved by this mechanism should be excreted in the urine. Indeed, the data show an increase in albumin excretion from 0.270.1 to 1.570.7 mg per 24 h when comparing wild-type to knockout mice (mean7s.d., n ¼ 4 in each group). Calculating the sieving coefficient based on the urinary albumin excretion and GFR estimates in the megalin knockout mice revealed a y alb of 1.6 Â 10
À4

Â 10
À4
, that is, a value very close to previously published data. Thus, megalin does not appear to be involved in the tubular recovery of such large amounts of filtered albumin as suggested by Russo et al. and, again, it should be emphasized that we were unable to demonstrate albumin in proximal tubules in these mice. These findings are further supported by elegant studies by Park and Maack 11 and Park 12 on albumin uptake in isolated perfused proximal convoluted tubules showing only negligible transcellular transport of intact albumin in distinct contrast to the massive albumin transport suggested by Russo et al. 1 In conclusion, since the observations of Russo et al. are based on methods with potential errors, and contrary to a broad spectrum of different well-established analyses, we believe that the postulated massive glomerular filtration and tubular transcytosis of albumin 1 is still unproven.
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